The New York Bight extends seaward some 80 to 100 miles (ca. 129 to 161 km) from the Long Island and New Jersey shorelines to the edge of the continental shelf. Over 14 x 106 m3 of sewage sludge, dredge spoils, acid wastes, and cellar dirt are discharged into this area each year. Large populations of Bacillus sp. resistant to 20 ,ug of mercury per ml were observed in Bight sediments contaminated by these wastes. Resistant Bacillus populations were much greater in sediments containing high concentrations of Hg and other heavy metals than in sediments from areas further offshore where dumping has never been practiced and where heavy-metal concentrations were found to be low. Ampicillin resistance due mainly to f.-lactamase production was significantly (P < 0.001) more frequent in Bacillus strains from sediments near the sewage sludge dump site than in similar Bacillus populations from control sediments. Bacillus strains with combined ampicillin and Hg resistances were almost six times as frequent at the sludge dump site as in control sediments. This observation suggests that genes for Hg resistance andf,6-lactamase production are simultaneously selected for in Bacillus and that heavy-metal contamination of an ecosystem can result in a selection pressure for antibiotic resistance in bacteria in that system. Also, Hg resistance was frequently linked with other heavy-metal resistances and, in a substantial proportion of Bacillus strains, involved reduction to volatile metallic Hg (Hgo).
The New York Bight extends seaward some 80 to 100 miles (ca. 129 to 161 km) from the Long Island and New Jersey shorelines to the edge of the continental shelf. Over 14 x 106 m3 of sewage sludge, dredge spoils, acid wastes, and cellar dirt are discharged into this area each year. Large populations of Bacillus sp. resistant to 20 ,ug of mercury per ml were observed in Bight sediments contaminated by these wastes. Resistant Bacillus populations were much greater in sediments containing high concentrations of Hg and other heavy metals than in sediments from areas further offshore where dumping has never been practiced and where heavy-metal concentrations were found to be low. Ampicillin resistance due mainly to f.-lactamase production was significantly (P < 0.001) more frequent in Bacillus strains from sediments near the sewage sludge dump site than in similar Bacillus populations from control sediments. Bacillus strains with combined ampicillin and Hg resistances were almost six times as frequent at the sludge dump site as in control sediments. This observation suggests that genes for Hg resistance andf,6-lactamase production are simultaneously selected for in Bacillus and that heavy-metal contamination of an ecosystem can result in a selection pressure for antibiotic resistance in bacteria in that system. Also, Hg resistance was frequently linked with other heavy-metal resistances and, in a substantial proportion of Bacillus strains, involved reduction to volatile metallic Hg (Hgo).
Interactions of bacteria with heavy-metal ions have aroused considerable interest in recent years. Studies of these interactions have focused especially on conversions of mercuric ions in soils (15) and in marine (11) and freshwater sediments (18) . These processes may result in loss of volatile inorganic Hg (Hg0) from sediments that contain the element in other forms including toxic methyl-Hg. Therefore, loss of Hg in this form may be of considerable ecological benefit in depuration of these contaminated sediments.
Sediments of areas in the New York Bight, the area of ocean off the Long Island and New Jersey shorelines, have been heavily polluted for over 50 years by a variety of domestic and industrial wastes and dredge spoils that contain high concentrations of heavy metals. Levels of metals in sediments near the sewage sludge disposal area have ranged from 10 to 100 times greater than in comparable unpolluted sediments further offshore in the Bight (1). Preliminary bacteriological studies have indicated that Escherichia coli with multiple-antibiotic and heavy-metal resistances are common at one site in sediment of the sewage sludge dump area (7) , and it was suggested that heavy-metal contamination of the sediment was the selective pressure for the plasmids encoding the resistances. Heavy-metal resistance in a number of different bacterial genera has been shown to be plasmid mediated (17, 20) and in some cases is present together with antibiotic resistances (9, 10, 13 were added to TGY agar as follows: 50 ,g of ampicilin, streptomycin, and kanamycin per ml; 30 ,ug of chloramphenicol and tetracycline per ml. Antibiotic-supplemented plates were replica plated with isolates from pour plates, and susceptibility patterns were read after 48 h of incubation at room temperature.
MIC studies. The minimal inhibitory concentrations (MICs) of ampicillin and heavy metals for selected isolates were determined by replica plating on TGY agar containing (in micrograms per milliliter):
ampicilin - Identification procedures. Gram-negative organisms were identified to genus level according to the scheme of Shewan et al. (14) . Gram-positive organisms were identified according to Cowan and Steel (3) .
Test for /1-lactamase production. The Gots Test (5) modified by addition of 3.5% NaCl to brain heart infusion agar was used for the detection of ,B-lactamase production.
Test for bacteriocin production. Bacteriocin production was detected in Gots medium without penicillin.
Assay for Hg reduction. The dithizone assay as described by Summers et al. (19) DISCUSSION Hg-resistant Bacillus sp. were very common in sediments at the sewage sludge dump site and in the upper Hudson Shelf Valley in contrast to sediments at clean, unpolluted stations further out on the continental shelf where these resistant organisms were rarely observed. The distribution of resistant organisms conforms remarkably well with the known distribution of heavy metals in the New York Bight (1) , and so it is reasonable to infer that heavy-metal' contamination has been exerting a selective pressure for resistant Bacillus and other bacterial populations in this area. Sludge dump sediments had concentrations of Hg that were more than seven times as great as those in control sediments (Table 3) . One sediment sample from the dump area contained 4.9 ,ug of Hg per g-a level which may be reflective of recent dumping since sewage sludge from metropolitan New York plants has been shown to contain up to 15,g of Hg per g (5) . It is likely that Hg concentrations in sediments become less after dumping because of dilution effects during passage through the water column, because of mixing with other sediments on the bottom, and finally because of dissipation of elemental Hg into the water column by resistant Hg-reducing bacteria.
Sediments from intennediate stations in the upper Hudson Shelf Valley also exhibited high counts of resistant Bacillus together with elevated concentrations of heavy metals. This may reflect inputs from dredge spoil and estuarine effluents since a number of these sampling stations were too far from the sewage sludge dump to hasve been substantially affected by drift from the latter. The existence of resistant bacterial populations at these stations supports the possibility of in situ selection of resistant clones. In the case of dump sediments, it is probable that resistant bacteria were already present in the sludge at the time of dumping. However, many resistant marine Vibrio and Aeromonas strains (unpublished observations) were found in these sediments, indicating that an in situ selection process was also taking place. The similarity in distribution of bacterial genera between dump and control sediments further supports this conclusion.
Location of sediment had a significant effect on occurrence of ampicillin resistance (Table 4) . Clones resistant to this antibiotic were more than twice as numerous in sewage sludge dump as in clean sediments. This difference was highly significant. Furthermore, ampicillin resistance was three times as frequent in clones selected on medium containing 20,ug of Hg as on medium containing 2 ,sg of Hg per ml. Thus, a high level of Hg resistance significantly increased the probability of a selection of clones with ampicillin resistance and is suggestive of a linkage phenomenon. In Table 5 it can be seen that the Hg ampicillin resistance pattern was almost six times as common in Bacillus from sewage sludge Hg was chosen for inclusion in primary selection media because preliminary screening of different heavy metals indicated that it was the most toxic for sediment bacteria. Since multiple heavy-metal resistance patterns were much more common than single resistances (Table 8) in the Bacillus populations studied, it is probable that any of a number of different heavy metals may have been the selection pressure for a multiple-resistance pattern that included Hg resistance. Thus it was not critical which ofthese metals was included in the primary selection medium.
MIC data for ampicillin indicated considerable variability. Variability in level of Hg resistance was also evident (Table 7) but may, in part, be a reflection of innate instability of this resistance, which in many strains tended to decrease following initial isolation. The instability of Hg resistance was not associated with a similar instability in level of ampicillin resistance.
Hg-reducing bacteria in estuarine marine sediments of the Chesapeake Bay have previously been described (11) . Pseudomonas was by far the most numerous Hg-resistant genus in that study. Populations ofthese organisms were highest in spring and were positively correlated with sediment Hg concentration and dissolved oxygen concentration. Our data (Table 1) between the Chesapeake Bay and the Bight may, in part, have been due to differences in isolation procedure, since Nelson and Colwell (11) used a surface-plating procedure for primary isolation, whereas we used pour plates which involved a brief exposure of the sediment to 46°C during preparation of pour plates. Also in the latter procedure we noted a marked tendency for colonies in Hg-supplemented media to be subsurface. A procedure which favored selection of surface colonies might, therefore, have discriminated against subsurface and generically different populations. It is clear, however, from both the Chesapeake Bay and New York Bight studies that Hg resistance can arise in generically quite different populations of marine sediment bacteria.
The selection of substantial populations of Hg-reducing Bacillus sp. in polluted marine sediments should have considerable ecological advantage by promoting moblization and loss of elemental Hg from sediments. However, it seems that this ecological advantage carries with it the possibility of an increase in the gene pool for f8-lactamase production, which, though not medically significant in the context of Bacillus sp., would have definite importance in the case of genera such as Escherichia, Pseudomonas, or Vibrio. Plasmid-mediated heavy-metal and antibiotic resistance in marine Pseudomonas and Vibrio sp. has, in fact, recently been described (16) .
